Abstract: Plasmids capable of horizontal transfer contribute to the adaptability of bacteria, as they may provide genes that enable their hosts to cope with different selective pressures. Only limited information is available on plasmids from Antarctic habitats, and up until now surveys have only used traditional methods of endogenous plasmid isolation. The method based on primer systems, designed on the basis of published sequences for plasmids from different incompatibility (Inc) groups, is appropriate to detect the replicon-specific regions of corresponding plasmids in cultured bacteria, or in total community DNA, which share sufficient DNA similarity with reference plasmids at the amplified regions. In this study, we applied broad-host-range plasmid-specific primers to DNA from microbial samples collected at six different locations in Northern Victoria Land (Antarctica). DNA preparations were used as targets for PCR (polymerase chain reaction) amplification with primers for the IncP (trfA2 ) and IncQ (oriV ) groups. PCR products were Southern blotted and hybridized with PCR-derived probes for trfA2 and oriV regions. This approach detected the occurrence of IncP-specific sequences in eight out of fifteen DNA samples, suggesting a gene-mobilizing capacity within the original habitats.
Introduction
Mobile genetic elements (MGE), such as plasmids, promote the evolution and natural adaptation of microbial communities by facilitating the horizontal exchange of genes independently of homologous recombination. Their ability to transfer between bacteria has been demonstrated in various abiotic conditions in both simulated and natural environments [1] . Knowledge of the molecular identities and the diversity of plasmids from each specific environment is required in order to understand which ecologically advantageous traits they may disseminate. Despite intensive efforts to exploit various aspects of the vast biodiversity of microorganisms occurring in natural habitats, limited information is available pertaining to the incidence of plasmids on the Antarctic continent, which harbours a range of specialized and sometimes highly localized microbial biotopes imposed by one or more extreme environmental conditions [2] .
The first study of plasmid distribution in natural Antarctic microbial assemblages was carried out by Kobori et al. [3] . A total of 155 psychrophilic and psychrotrophic bacteria were cultivated from samples collected in McMurdo Sound and investigated for the presence of plasmids. Thirty-one percent of the isolates carried at least one kind of plasmid, but these elements were not investigated further. The distribution of extrachromosomal elements in several collections of Antarctic bacteria was also analyzed by Tutino et al. [4] and among those strains were observed a prevalence of high molecular weight genetic elements and a few small, cryptic plasmids which were further isolated and characterized by setting up cloning/expression systems in cold-adapted bacteria [5] . More recently, aromatic hydrocarbon degrading Pseudomonas strains isolated from Antarctic soils have been shown to host large self-transmissible plasmids carrying naphthalene dioxygenase genes [6] . All the reported surveys have relied on the traditional method of plasmid isolation from a pure culture of the bacterial host.
The method based on primer systems, designed on the basis of published sequences for plasmids belonging to the incompatibility (Inc) groups, was useful for detecting the replicon-specific regions of corresponding plasmids in cultured bacteria or in total community DNA which share sufficient sequence similarity with reference plasmids at the amplified regions [7] . In this study, we applied the primer systems described for PCR amplification of broad-host-range (BHR) plasmids to DNA from microbial samples collected in coastal and inland ice-free areas of northern Victoria Land (Antarctica). (Table 1) . Five samples were geothermally heated soils [8] and the remaining samples consisted of soils or salt sediments where the potentially associated microbial community was exposed to low temperatures and hypersalinity. Samples were stored at 4
Experimental procedures

Sampling and culture conditions
• C and studied upon their arrival in Italy. Samples of soil/sediment (0.5 g) were placed aseptically into a 250 ml flask containing 50 ml of DSMZ medium 259 (0.35% Na 
DNA extraction and PCR-based detection of broad host range plasmids
Two five-millilitre aliquots for each frozen sample were used for total DNA extraction, as described by Yakimov et al. [9] . The quality of DNA preparations was examined by agarose gel electrophoresis and concentrations were determined by use of a spectrophometer at 260 nm and 280 nm. Oligonucleotide primers 27F and 1387R were used to amplify 16S rDNA as described by Dang and Lovell [10] . This primer system targets the 16S rDNA of a wide range of members of the domain Bacteria at positions 8 through 25 (primer 27F) and positions 1387 through 1404 (primer 1387R) (E. coli 16S rRNA numbering) [11] . Identical reaction mixtures that contained no DNA were used as negative controls. Aliquots of extracted DNA were then used as templates with specific primers for amplifying two BHR plasmid backbone regions related to replication: IncP (trfA2 ) and IncQ (oriV ) [7] . PCR was performed using the conditions described by Götz et al. [7] . Plasmid pPR9TT, a derivative of RK2 (IncP) [12] , and RSF1010 (IncQ) [13] were included as positive controls by using heat-denatured cells of E. coli JM109 (pPR9TT) and E. coli C600 (RSF1010) as targets.
Southern blot analysis and sequence analysis
PCR products obtained with the reference plasmids, pPR9TT and RK2, were extracted from preparative agarose gel slices with Qiagen spin columns according to the instructions of the manufacturer (Qiagen, Hilden, Germany). The DNA fragments were labelled using the random-primed digoxigenin method according to the protocol of the manufacturer (Boehringer, Mannheim, Germany). Southern blotting was performed by the standard protocol described by Sambrook et al. [14] , followed by hybridization and digoxigenin detection according to the directions of the manufacturer of the kit (Boehringer). Two PCR products derived from sampling stations 2 and 4 (Table 1) were cloned directly into a pGEM-T plasmid using the pGEM-T-Easy Vector System (Promega, Milano, Italy) following the instructions of the manufacturer. The DNA sequence of cloned amplicons was determined directly for each strand by using M13 forward and reverse primers in a CEQ 8000XL automated DNA Analysis System (Beckman Coulter Fullerton, CA, USA). Sequenced data were analyzed with sequencher 4.2.2 (GeneCodes, Ann Arbor, MI, USA) and deposited in the DDBJ/EMBL/GenBank nucleotide sequence database under accession numbers AM504052 and AM502289, respectively. (2) a number of samples examined MS, melting snow; SW, sea water Table 1 Collection sites and sample characteristics.
Results and Discussion
For the present study, fifteen DNA preparations from primary cultures of samples (soil/sediment) collected from Northern Victoria Land (Antarctica) were examined in order to investigate the presence of highly promiscuous plasmids. All purified DNA templates were amenable to PCR amplification by using domain Bacteria-specific oligonucleotide primers, and amplicons of the expected size (1,360 bp) were generated [10] . Each DNA preparation was then tested with specific primers for BHR plasmids. Four out of fifteen produced PCR positive results with IncQ (oriV ) and eight with IncP (trfA2 ) primer sets, respectively. To test whether these samples contained the region used for PCR amplification, southern-blotted PCR DNAs were hybridized with probes derived from plasmid RSF1010 (IncQ) and pPR9TT (IncP). No hybridization was observed when the IncQ oriV probe was used against all DNA samples, showing that direct PCR with IncQ primers had generated non-specific amplification of non-target genes. However, eight samples (soils and sediments), representative of all collecting stations, with the exception of the geothermal area (Table 1) , yielded hybridizing PCR products of the expected size (about 240 bp) with an IncP trfA2 probe (Figure 1 ). DNA sequencing of two PCR products from sampling stations 2 (252 bp) and 4 (242 bp) (Table 1) were used to query DNA databases via the BLASTN Network Service [15] and were shown to share 98%-99% base identity with a sequence upstream of the N-terminal end of the trfA gene of IncP-1α plasmid pBS228 [16] . Interestingly, the occurrence of conjugation among moderately halophilic bacteria, which are the most abundant prokaryotes that inhabit hypersaline environments, was demonstrated by using the self-transmissible IncP-1α plasmid RK2 [17] . The application of replicon-specific primers to genomic DNA extracted from microbial cells collected after incubation of Antarctic soil and/or sediment in yeast extract mineral medium allowed us to assess the presence of IncP plasmid signatures in these samples and it indicated that horizontal gene transfer may occur in an environment that imposes thermodynamic and kinetic limitations on microbial growth. Plasmids classified in the IncP-1 (IncP in E. coli ) incompatibility group, which has two major evolutionary branches (IncP-1α and IncP-1β), belong to the most stably maintained mobile elements among low copy number plasmids known to date [18] . They can replicate and be stably maintained in almost all Gram-negative bacteria and may be transferred by conjugation to Grampositive bacteria, yeasts and eukaryotic cell lines [19, 20] . The results reported in this study confirm their transmission and raise interesting questions regarding the origin and evolution of plasmids under the extreme conditions of the South Polar Region.
